Abstract Granulomatous interstitial nephritis (GIN) is one of the renal pathological manifestations of sarcoidosis. It is usually clinically silent, but may present occasionally as acute kidney injury (AKI). AKI caused by sarcoid GIN without extrarenal manifestations is extremely rare. We report a case of a 70-year-old man with a history of type 2 diabetes mellitus admitted with progressively worsening kidney function. The patient also exhibited anorexia, malaise and weight loss. Laboratory tests showed an elevated serum lysozyme level, but the serum angiotensinconverting enzyme (ACE) and serum calcium levels were normal. Increased uptake was evident only in kidney on gallium 67 scintigraphy. Although typical organ involvement of sarcoidosis was not evident, a renal biopsy showed granulomatous interstitial nephritis with non-caseating granulomas. No medications had been added in the 3 years preceding renal function deterioration. Following a bronchoalveolar lavage that revealed a high CD4:CD8 ratio, and a skin test that showed negative for tuberculin, a diagnosis of renal sarcoidosis was established. On diagnosis, oral prednisolone was initiated and renal function improved. The anorexia and malaise also disappeared. This is the extremely rare case of AKI caused by sarcoid GIN without extrarenal manifestations or elevated serum ACE level.
Introduction
Sarcoidosis is a systemic disease characterized by noncaseating granulomatous inflammation with tissue destruction [1] . Sarcoidosis is a multisystem granulomatous disorder that typically presents with pulmonary manifestations, and up to 30 % of patients present with extrapulmonary manifestations [2] . Several small series have suggested that renal involvement occurs in 35-50 % of sarcoidosis patients; hypercalciuria and hypercalcemia are most often responsible for clinically significant renal disease [3, 4] . Granulomatous interstitial nephritis (GIN) is one of the renal pathological manifestations of sarcoidosis. It is usually clinically silent, but may present occasionally as acute kidney injury [5] .
Several reports have described the clinical features and courses of patients suffering from sarcoidosis with renal impairment due to GIN [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , and most patients have also presented with extrarenal manifestations. Clinically important renal involvement without extrarenal symptoms is extremely rare in GIN with sarcoidosis. We report herein the case of a patient with acute kidney injury caused by isolated sarcoid GIN without hypercalcemia. The patient was successfully treated with oral steroid therapy.
Case report
A 70-year-old man with a medical history of type 2 diabetes mellitus was referred to the Department of Nephrology in late April 2014 with rapidly decreasing renal function and malaise. Diabetes mellitus was well-controlled by lifestyle modification and medication, and no retinopathy was present. On referral, the patient had no other significant symptoms or clinical findings, including lymphadenopathy, skin rash, erythema nodosum or sinus tenderness. Neurological examination showed no abnormalities. He had been periodically followed by the Department of Cardiovascular Surgery after coronary artery bypass graft surgery for unstable angina pectoris performed in 2010. Medications included aspirin, atorvastatin, carvedilol, linagliptin and warfarin. All of these medications had been started at least 3 years before this referral. Until late January 2014, renal function had been stable and serum creatinine had remained at about 1.0 mg/ dL (Fig. 1) . However, from mid-February 2014, symptoms of anorexia and malaise started to manifest, and he lost 3 kg of body weight within only 2 months. By the end of April, serum creatinine had risen to 2.39 mg/dL, accompanied by proteinuria.
On referral, blood pressure was 155/83 mmHg. In addition to deteriorated renal function, laboratory examination revealed slightly elevated levels of C-reactive protein (CRP) and serum lysozyme levels greater than two times the upper limit of normal. However, serum levels of angiotensin-converting enzyme (ACE) and calcium were normal. Urinalysis showed dipstick proteinuria (1?), no hematuria, no white blood cells, and no dysmorphic red blood cells or casts. Urinary excretion of b2-microglobulin and N-acetylglucosaminidase was each markedly elevated (Table 1) . Twenty-four-hour urinary excretion of calcium was normal. Negative results were obtained for anti-nuclear antibodies, anti-neutrophil cytoplasmic antibodies, and rheumatoid factor (Table 1) . Ultrasonography showed normal-sized kidneys with normal echogenicity, and normal findings of his neck and abdomen. No evidence of urinary tract obstruction was identified. Chest X-ray and computed tomography (CT) showed no enlargement of the hilar lymph nodes, no interstitial changes, and no mediastinal lymphadenopathy. Pulmonary function testing showed normal vital capacity and normal percentage predicted forced expiratory volume in 1.0 s (FEV 1.0 %). Increased uptake was evident only in kidney on gallium 67 ( 67 Ga) scintigraphy (Fig. 2) . There was no evidence of tuberculosis, fungal infection, or malignancy. Ophthalmologic examination showed no uveitis.
Renal biopsy was performed 1 week after referral to the Department of Nephrology for investigation of acute kidney injury. The biopsy specimens contained 16 glomeruli. Light microscopy showed three sclerotic glomeruli. The other glomeruli were almost normal, and no crescents were identified. Diabetic changes were not evident. In the interstitium, approximately 50 % of the renal cortex showed obvious mononuclear cell infiltration and non-caseating granulomas comprising epithelioid histiocytes, lymphocytes, and monocytes (Figs. 3, 4). Immunofluorescence showed no glomerular staining for IgG, IgA, IgM, C3, C4, Fig. 1 Clinical course of urine protein and serum creatinine and C-reactive protein (CRP) levels. Cre serum creatinine, g/gCr urinary protein to urinary creatinine ratio, U-pro urinary protein, PSL prednisolone or C1q. Electron microscopy showed local effacement of the glomerular foot processes without electron-dense deposits or basement membrane abnormalities. These pathological findings led us to a diagnosis of granulomatous interstitial nephritis.
Although no physical, laboratory or radiological findings except for elevated serum lysozyme level supported a diagnosis of pulmonary sarcoidosis, the identification of granulomas in the kidney biopsy led us to perform additional tests to rule out sarcoidosis, including tuberculin skin testing and bronchoalveolar lavage (BAL). Tuberculin skin test reactivity was negative, and bronchoscopy did not show ectasia of the capillary network. An elevated cluster of differentiation (CD)4:CD8 ratio of 6.4 was revealed on BAL. Cultures of BAL fluid did not show bacterial, fungal, or mycobacterial infections. From these clinical findings and the pathological evidence of granuloma formation, a diagnosis of renal-limited sarcoidosis was made.
After admission, the patient's renal function continued to deteriorate, and the serum creatinine progressively rose to 2.73 mg/dL within a month (Fig. 1) . Because the patient showed no physical signs of infection, including tuberculosis, treatment with prednisolone at 30 mg/day (0.5 mg/ kg/day) was started to prevent further deterioration of kidney function. The proteinuria subsequently disappeared and the CRP level normalized. No worsening of the type 2 diabetes was seen. The patient's acute kidney injury gradually improved, and the serum creatinine decreased to AST aspartate aminotransferase, ALT alanine aminotransferase, T chol total cholesterol, LDL chol low-density lipoprotein cholesterol, Ig immunoglobulin, CH50 50 % hemolytic complement unit, CRP C-reactive protein, RF rheumatoid factor, ANA anti-nuclear antibody, P-ANCA myeloperoxidase-anti-neutrophil cytoplasmic antibody, C-ANCA serine proteinase 3-anti-neutrophil cytoplasmic antibody, ACE serum angiotensin-converting enzyme, RBC red blood cells, WBC white blood cells, b2MG b2-microglobulin, NAG N-acetyl-b-Dglucosaminidase 1.31 mg/dL by August 2014 (Fig. 1) . The patient was discharged, and oral prednisolone was gradually tapered on an outpatient basis.
Discussion
Sarcoidosis is a rare disorder with an estimated prevalence of 10-20 cases per 100,000 population [17] . Sarcoidosis is a multisystem granulomatous disorder, and most frequently involves the lungs. Although pulmonary involvement is by far the most frequent finding, extrapulmonary disease including the skin, eyes and lymph nodes are also common. According to one case control study of 736 patients with sarcoidosis, 95 % of the patients showed lung involvement as assessed from chest radiography, pulmonary function tests or dyspnea score; 25 % of the patients showed cutaneous involvement; and 12 % of the patients showed ocular involvement [18] .
Our patient initially presented with non-specific symptoms and unexplained renal impairment. Reaching the diagnosis of sarcoidosis was challenging, because none of the clinical examinations or imaging tests revealed any evidence of pulmonary sarcoidosis, and no cutaneous or ocular involvement was found in the present case. GIN is a rare histological diagnosis present in 0.5-0.9 % of native renal biopsies [8] . GIN has been associated with pharmacotherapy, infection, sarcoidosis, crystal deposits, paraproteinemia, and granulomatosis with polyangiitis (GPA), and is also seen in an idiopathic form [9] . In the present case, no medications had been added in the 3 years preceding renal function deterioration. In addition to this, absence of peripheral eosinophilia, eosinouria, fever, or drug rash excluded the possibility of medication-related GIN. No physical or laboratory findings suggested infection, paraproteinemia or GPA (Table 1) . Costabel et al. showed that a CD4:CD8 ratio [3.5 has a specificity of 94 %, and Winterbauer et al. described a CD4:CD8 ratio [4.0 as offering 96 % specificity for a diagnosis of sarcoidosis [19, 20] . Thus, increased uptake in kidney on 67 Ga scintigraphy, an elevated CD4:CD8 ratio of 6.4, tuberculin skin test negativity in spite of having a well-documented positive result before admission, and a markedly elevated serum lysozyme level coupled with the exclusion of other possible secondary causes of GIN established a clinicopathological diagnosis of renal sarcoidosis, which induced acute kidney injury without hypercalcemia or hypercalciuria [21, 22] . NR not reported, M male, F female, ACE serum angiotensin-converting enzyme, ECC estimated creatinine clearance, PSL prednisolone GIN is rarely diagnosed, since this pathology is usually clinically silent and does not affect renal function [5] . To date, approximately 80 cases of sarcoid GIN with abnormal renal function have been reported [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . It is important to note that most of those patients showed evidence of extrarenal sarcoid manifestations, and that kidney failure caused by GIN in the absence of extrarenal sarcoidosis is extremely rare. To our knowledge, approximately 20 cases of GIN without extrarenal sarcoid manifestations have been reported [8, 9, [12] [13] [14] 16] . Among these, clinical findings supporting a diagnosis of sarcoidosis were evident in only seven cases (Table 2 ). In our case, although the elevated CD4:CD8 ratio implied the possibility that pulmonary manifestations would develop in the future, according to the definition of organ involvement proposed by the ACCESS study [23] , thoracic involvement was excluded by the absence of abnormal findings from chest X-ray, CT and pulmonary function testing. Likewise, no extrarenal organ manifestations including skin, eyes, liver, heart, and nervous system were found according to the definition. Therefore, the present case is the eighth reported case of renal failure caused by renal-limited sarcoidosis with pathological evidence of GIN (Table 2) . From the point of view of causes of renal failure, four of the seven cases described above showed hypercalcemia, which made it difficult to conclude whether the renal dysfunction was caused by hypercalcemia or by GIN. From that perspective, the present report is the fourth case of renal failure caused only by sarcoid GIN without extrarenal manifestations. Moreover, in these four cases, the present report is the first to document acute kidney injury caused by isolated sarcoid GIN without serum ACE elevation.
Among patients with reduced estimated glomerular filtration rate (eGFR), corticosteroid therapy is the treatment of choice for sarcoid-related GIN, often resulting in significant improvement in kidney function [24] . Although the present patient was known to have type 2 diabetes, and long-term steroid use carries a risk of worsening diabetes, initiating corticosteroid therapy for subacute kidney injury seemed inevitable. To date, the optimal dose of prednisolone to treat sarcoid-related GIN remains unclear. Referring to a report of 17 patients with advanced tubulointerstitial nephritis due to sarcoidosis [24] , a prednisolone dose of 0.5 mg/kg body weight was selected, resulting in significant improvement in renal function. In one of the largest series of sarcoid tubulointerstitial nephritis, with 17 cases, the median rate of improvement in estimated creatinine clearance (ECC) was approximately ?23 mL/min/year in the first year after starting steroid therapy [24] . In our case, ECC decreased to 23 mL/min by 1 month after admission, and improved to 47 mL/min by 3 months after starting steroid therapy. ECC in our patient thus increased by 24 mL/min in 3 months, better than the rate of improvement reported in the above series. This may be partly attributable to the early initiation of steroid treatment after the onset of sarcoidosis.
In summary, we present an extremely rare case of acute kidney injury caused by sarcoid GIN without extrarenal manifestation, and successfully treated with steroid therapy. This report shows that in cases of AKI with GIN, evaluation of the CD4:CD8 ratio can be effective for the diagnosis of sarcoidosis, even if pulmonary manifestations are not evident, and highlights the fact that prompt diagnosis of renal sarcoid involvement and early treatment with steroids can lead to recovery of renal function in sarcoid GIN.
